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Modeling the influence of Restoration Scenarios on Channel and Floodplain
Morphology in the Sacramento River Basin

EXECUTIVE SL~’IMARY
Riparian habitats are defined by configttrations of stored sediment that define channel and

floodplain moqghology. This topographic complexity in the riparian corridor depends on hydrology,
sediment transport, boundary conditions, and history of chanuel change. In order to aid in habitat
restoration efforts we propose to research the influence of these factors on river channel and floodplain
morphology in the Saclamento River valley. We will investigate the relative efthcts of the following
Ecosystem Restoration Program (ERP) restoration strategies or~ channel and floodplain evolution:
strearrdlow alterations, changes in sediment supply, and channel modifications. We will develop a
predictive model for decision makers attemptthg to approximate Ihe "natural" and other potential states of
tbe river system under different restoration scenarios.
Scope of Work

The CALFED ERP document [ERP. Voh l, p.42-43] states the intention of manipulating flows,
sediment supplies, and boundaD’ coudifions (e.g. levees) in order to alter the form and hydrologic regime
of channels and near-channel wetlands. Yet there is no available model of nmrphologlcal process that
would allow predictions of such responses to be made for long reaches of mainstem rivers, and of how a
change in any o f the manipulated factors would be expected to influence habitat conditions.

We propose to consta~act a mathematical model of sediment routing in the channel and floodplain
of the mainstem Sacramento Raver that would provide the predictive capability necessary for m~alyzing
management alternatives. It will be our goal to model the manipulable and the uncontrollable influences
on the sediment budget and their consequences for habitat creation and evolution.
Researct~ Question,s

As CALFED embarks upon a progt’am of significant riparian-zone managemant, it becomes
important to undersl~’md the fluxes which govern channel and floodplain morphology. We would utilize
this opportunity to investigate the following questions. IIow have sediment and hydrologic flux varied in
the past and what were the resulting morphological changes? How wilt restoration measures involving
flow modification, changes in sediment supply, and channel alteration affect channel mad floodplain
morphology? How will changes in local channel and floodplain morphology affect the evolution of
"restored" valley floors?
Approach

Our approach involves compilation and interpretation of sediment transport and assiufilation of
these data into a model for prediction and analysis of future scenarios. We are currently working to
quantify empirical relationships between fluxes of water and sediment, channel and floodplain forming
processes, and resultant ti~rrn of river channels and floodplains within the Sacramento basin. These
historical relationships will be used to develop a river adjustment model, which will be validated against
separateiy-cdilected empirical data. There exists a long historical record of measurements of sediment
concentration and streamflow throughout the basin and a long historical record of perturbations to the
system. Yet, there are no comprehensive, quantitative process studies of hydrology and sediment
transport as they relate to resultant channel changes in the Sacramento basin. Our aim is to construct a
supply-process-fom~ model with a minhimm amount of calibration that could be applied to any large
lo~,,land fiver system m predict river adjuatment under different land-use scenarios.

To develop this model we will evaluate the sediment mass balance of the Sacramento River basin
to gain insight into the fluvial processes of the river system and to identify areas of morphological
ac[iustment. This empirical invesligadon will provide relationships to be used as supply inputs for
modeling sediment routing ~md long-lerm average sediment transport rates with which to validate our
modch Since a large lowland river basin such as the Sacrmnento has sediment transport processes that
operate on different spatial scales, we will develop a stochastic model with two spatial components: a
basin-scale sediment routing component coupled with a reach-scale routing component. Model output
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wilt predict reach-scale channel and floodplain morphology in the form of probabilities. For exanaple, a
change in sediment supply stemming from a particular management sn-~cgy could be modeled to obtain
model results in the form of probabilisttc statements about a pa~icular reach of river being in a pmtictdar
state. Thus habatat and flood control strategies can be prioridzed based on the model’s output. We have
already begun some of tl’fis work with the resom’ces supplied by UC Santa Barbara, and with data and
advice from the Army Corps of Engineers aud US Geological Survey.
Ecological Objectives

The ERP [ERP, Vol. 1, p.29} suggests that prospective lands be identified and designated for
particulm" target species habitat restoration. However, identifying, classifying, acquiring, and slating
lands for reatoration based on current states of physical form can belie transient states of a system [Chang,
1988; Kondr~l.[; 1995b]. It is qualitatively well known that morphological change results fl’om imbalances
between erosion mad deposition. However, in order tu understand and predict the circumstances under
which large-scale flooding will occur or specific habitat will be affected, it is necessary to obtain a
system-wide perspective of a river basin and to gather i~ffonnation on the variable processes of" material
transport within a river. For example, desired backwater channel habitat Ibr a particular target species
may only exist during floods of a certain magnitude or in an area and time of sechment deposition.
Determinations of suitable hahitat fouuded on rudimentary land classification without knowledge of
processes which create the form often lead to failure of the restoration effort [Kondolf, 1995b]. In the
Sacramento River basin, we see the opportunity for a study which would model the processes and
wriability inherent in a large river valley at the appropriate scales of interest and thus provide the
underpinnings for a systematic approach to present and future ~estoration activities.

Such a model could be used by CALFED to target restoration policy by identifying which
restorative strategies are appropriate for different reaches in the basin. By quantifying change in
morphoIogy and flood conveyance capacity, it would flow CALFED to strike a balance betwean
seemingly opposing goals of flood contaul and habitat restoration. As such, our model wot~ld provide a
unifying restoration framework upon which the vm’ious CALFED agencies could achieve staled ERP
goals in synchronicLty and with complementary strategies. In focusing attention and understm~ding on
ruaches that undergo utcrphological change, the modeling effort would interface with highe~resolution
modeling studies of channel shifting (La~scn and Mount, UC Davis) and with field measttrement
programs of bedfortu transport and channel change [Dinehart, pets. cumin]. Such collaboration of
sediment accmmting and modaling studies across scales could unify understanding of basin-scale and
within-much scale processes of sedimentation and habitat change in the Sacramento River basin. We
have already confirmed such a model’s usefulness wilh the US Geological Sttrvey Water Resources
DivisiomSacramento and the US A~wny Corps of Engineers-Sacranmntu.
Qualifications

We have experience with large rivers, system perturbations, and sediment variability models.
Duane and co!leagues have conducted a study of the channel-floodplain sediment budget of a 2500 km
reach of the Amazon River and the associated geological and hydrological controls and morphological
results [ Dunne et aL, ] 998; Meade, 1995; Mertes et al., 1996: Dunne et al., 1998]. They continue to
study and model the supply of sediment to the Amazon t):om the Andes Range [Aalto and Dunne, 1996]
and the flow regimes of the e~tire Amazon River basin wLth a combination of computer simulation and
satellite remote sensing under NASA’s Earth Observing System program. For the Paraguay Paran~ River
system in South America, we conducted au Environmental Defense Fund review of the hydraulic and
sedimentation aspects of the proposed channelization project, Hidrovia. In the Pacific Northwest, Dutme
and colleagues have conducted a number of studies of sediment supply and chamnel change [Collins and
Dunne, 1990; Collinr and Dunne, 1989; Lehre et al., 1983]. And in the Oregon Coast Range we have
consta~acted stochastic models of sediment supply and trmasport, which provide insight into variability in
sediment regime [Benda and Dunne, 1997a; Benda and Dunne, 1997b]. We intend to combine these
experiences in field investigation, data analysls, and model development in the Sacramento River basin.
The cost wLtl be $408,409.
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PRO.IECT DESCRIPTION
We propose to assist CALFED i n evaluating proposed restoration strategies such as manipulating

flows, sediment supplies, and boundary conditions (e.g. setting back levees) in ordea- to alter the form aod
hydro]ogle rcglmc of channels and near-channel wetlands. We will construct a mathematical model of
the channel and floodplain of the mainst~m Sacramento River that would provide the predictive
capability necessary for analyzing the effects of such restoration strategies. We will model the
manipulable and the uncontrollable influences on the sediment budget and their consequences for habitat
restoration.

We will study the Sacramento River and its floodplain as a single unit constructed of interacting
reachesin order to quantify basin scale cumulative responseto change. We will quantify the inherent
variability in historical empirical data by developing relationships between streamflow, sediment
transport, m~d resultant form of 1~ver channels and floodplains along the Sacramento mainstem. These
relationships will be used to develop a model of river adjustment processes, which will be validated
against new measurements from the Sacramento basin. The model output will describe channel and
floodplain morphology resulting from streamflow modification, changes in sediment supply, and channel
nitration. It could be applied by land managers to anticipate the morphological outcome of particular
restoration strategies and thus, their effect on channel and floodplain habitats spatially over basin and
reach scales and temporally over decades.
Geag~tphical Location

The Sacramento River drains the northern part of the Central Valley of California (Figure 1 ) and
has a total drainage area of 6.8 x 104 km2 , comprising over one half of the total drainage area into the San
Francisco Bay system [Porter.fleld, 1980]. This study is focused on lhe Sacramento Privet Ecological
Management Zone [ERP, Vol. 2, p. 159 & ERP Figure 8]. The study area includes portions of the
following counties: Shasta, Tehama, Glenn, Butte, Colusa, Sutter, ¥olo, Sacramento, and Solano. It is
applicable to the mainstem Sacramento River and its floodplain sou/h of Shasta Dam in the north to the
city of Sacramento in the south. Channel and floodplain dynamics in the tributaries will be exclude/,.l from
the study, but we will account for their inputs of water and sediment. The Bay-Delta itself will not be
studied explicitly though we will determine the long-tern] rates of sediment delivery to the tidally-affected
delta as a result of land-use changes stemming from CALFED management scenarios. The model
developed in this research will be extendable to the San Joaqain River and other lowlaurt river systems.
General Approach

We are investigating the processes of morphological adjustment within the Sacramento River
basim at various scales of interest. Our aim is to understand these processes on a temporal and spatial
scale appropriate for designing restoration strategies (i.e. decades and river reaches, rcspeetivcly), while
maintaining fidelity to the processes of the basin-scale fluvial system. Our approach may bc broken down
into two distinct tasks: 1) empirical characterization of streamflow, sediment transport, and resultant
channel and floodplain morphology and 2) development of a sediment routing model with coupled basin
scale and reach-scale components. The output of the coupled model will predict reach-scale
morphological adjustment under different management scenarios and stochastic flow regimes.
Empirical Characterizatian

Kondolf, et al. (1996) recommend that design of channel modification projects be based on "sound
understanding o~ the site’s larger geomorphic context, which requires a historical geomorphic study, and
analysis of potential sediment transport at a site." We will reconstruct morphological change on the
Sacramento River by evaluating the sediment budgct over the last 50 years and comparing the results with
the past and current morphological condition of the river, as well as with other regional empirical studies
on the Sacramento [Brice, 1977; Buer, 1994; Clements, 1979; Harvey et al., 1988; Jones et al., 1972;
USACE, 1983]. Quantifying sediment supply within a river system requires construction of a sediment
budget or a mass balance of sediment, which will enable land managers to anticipate lon~term localities
of sediment deposition, storage residence times, and modes of re-mobilization [Reid and Dunne, 1996].
A sedimeot budget involves accounting for all major .sediment sources, storage sites, and sinks within a
river basin, all of which can vary in time and space. For the case of a large alluvial river, it accounts for
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rates and processes of erosion and sediment transport within the river and its floodplain. Although
sediment budgets have been more commonly applied in small river basins, there have been
approximations for large basins that highlight important areas and processes of bank erosion or deposition
in the system of sediment transport [Dunne et al., 1998; Kesel et aL, 1992; Re.id and Dundee, 1996].

We have already begun to improve on a previous sediment budget study [USACE, 1983] by
extending the statistical analysis of sediment transport records (USGS) to calculate long-term average
sediment discharge rates into the Sacramento River fa’oln its tributaries, as well as rates of sediment
discharge through mainstem reaches. In accotmting for variability inherent in the fluvial system, a time
series analysis approach will be employed to quantify the relationships between streamflow and sediment
flux for each gauging station (i.e. those of tributaries near their confluence with the Saemmanto and those
on the mainstem itself). A time series approach has been advocated [Fitzgerald and Karlinger, 1983;
Goodwin and Denton, 1991; Lemke, 1991; Rodrlgue~-lturbe and Nordin, 1968; Sharma et at., 1979] as an
improved statistical methodology that addresses many of the inadequacies of commonly used sediment
rating curves [Ferguson, 1986;tleidel, 1956; Walling, 1977]. Time-series trans±~r functions are superior
for describing the relationship between these variables, because they regard time as the crucial domain
variable over which hydrologic and sedime~t variables are serially t,’ross-correlated.

The time-series approach will proceed as follows. The Sacramento basin will be divided into four
geologic units (Figure 1) with different sediment/water discharge relationships due to distinct geological
substrata properties. Within each geologic unit one gauging station will be designated as a "signature"
station, or one that best represents the sediment discharge response to stream discharge over the long term
(i.e. usually the station with the longest record for both variables). A transfer limetion that describes the
correlation of the two variables over time will be estimated for each "sign ature" star ion a total of 4.
corresponding to the 4 geologic units). The Box-Jenkins transfer function witi be employed in a common
structure [Vamlaele, 1983]. Assuming that ~he sediment record at the "signature" stanon has captured the
range of variability in the sediment signal over the long term, sediment discharge will be estimated for the
length of the hydrologic record. This same transfer tianction will than be applied to the hydrologic record
of each remaining gauging station within a geologic unit to 1) validate its utility as a predictor of sediment
discharge based on stream dischargn and 2) to extend historically short sediment records over the domain
of the hydrologic record. For exanaple, a transfer function for a "signature" station with 50 years of
hydrologic data and 20 years of sediment data may be used to extend its own sediment record from 20
years to 50 years, and that of a separate station within the same geologic unit from 3 years to 50 years
(asstmaing that hydrologic data exists for 50 years at this latter station). Using this method, long-term
average sediment discharge from tributm7 basins can be calculated. For a tributary with no hydrologic
data record, its nearest neighbor scaled by drainage area will be used to estimate long-tema average
sediment discharge. The same techniques will be used to calculate long-term average flux of suspended
scdimcnt through mainstem Sacramento River reaches. However, the mainstem flux calculations will
also include output sediment fluxes (some sampled, some simulated) at water diversion canals which
decant suspended sediment oat of the Sacramento River.

Having evaluated the suspended sediment component of the mass balance, we will then assess the
mainstem bedload transport by using averages of sampled values and subtracting quantities extracted by
gravel harvest and dredging (obtained from engineering and mining records). We will also conduct a
mainslem field survey o1" ~he ~-sin size composition of bed and bank materiais and assess the general
floodplain topography (Figure 2) using USACE data to ohtain model inputs and boundary conditions. We
~vill be able to adjust the time series models mad bedioad assessments to account for long-term changes in
the discharge-concentration relationships stermmng from land-use change and channel modifications,
respectively. We will combine the results of the suspended sediment budget with the bedioad
assessments to determine zones of long-term deposition or erosion. We will compare these zones with
past and current morphological condition of fiver reaches using aerial photographs and 2-foot vertical
resohttion DEMs (USACE). This exercise will: 1) establish relationships between stream discharge and
sediment discharge that will serve as supply inputs for sediment routing modeling, 2) provide bedload
transpor/rates, as well as grain sizes of both the bed and banks of the Sacramento River for physical
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model input, 3) generate testable hypotheses on spatial patterns and processes of erosion and deposition in
the mainstem Sacramento, and 4) provide long-term average sediment discharge rates from all tributary
sources and resultant morphological form to be used in validating the routing model.
Sediment Routing Model

We will relate the empirical sediment budget results to flow volumes, channel hydraulics, and
other controls on the mainstem Sacramento River by assimilating the sediment transport measurements,
river profiles, grain size data, roughness characteristics, and hydrologic time series into a physically-based
sediment muting model. The model will test the influence of l’estorafion strategies on fluvial processes
including bank erosion, overbank flooding and deposition, bar deposition, and flus~ng of fine sediments.
We will improve on past routing modeling efforts by coupling two separate routing components of
different spatial scales. The basin-scale component will conduct down-valley routing of water and
sediment over the entire Sacramento mainstem (within the study area) and will compete changes in
sediment storage volume for entire river reaches and contiguous floodplains. This component’s output
will be fed to the reanh-se~le component, which wfll distribute volumetric change in sediment across
individual river reaches in order to determine resultant morphological change (Figure 3 depicts conceptual
routing model). For the basin-scale component, we will cvaluate and choose the best of a number of total
load transport models according to a well-document procedure [Reid arm Donne, 1996]. The chosen
model will be parametefized with surveyed grain size measurements, fiver cross-sections, and roughness
values (for both channel and floodplain). For the reach-scale component, we will utilize a routing model
that ha.~ the capacity for bank erosion and bar deposition (e.g. FLUVIAL-12). This component will be
additionally parameterized with higher resolution c~ss-sections highlighting; bedforms, bank curvature,
and floodplain heterogeneity (Figure 2).

Sediment routing models are sets of equations describing: conservation of mass (water and
sediment); conseiwation of momentum (water); sediment transport; and change in channel width [Dawdy
and Vanoni, 1986]. Additionally, in the development of such a model for a large lowland alluvial basin,
we must account for: 1) the stochastic natm’e of floods required m transport both bedload and suspended
sediments 2) overbank inundation and sediment deposition. To represent the stochastic nature of basin
hydi’ology and to predict future conditions, flood events that drive both model components, will be chosen
at random from constructed probability distributions of recorded hydrologic events at tributary junctions.
Sediment input at each junction will be determined frem empirical transfer Ihnctions that relate hydrology
to sediment fluxes. By utilizing the historical flow record for the Sacramento basin in a Monte Carlo
simulation we ensure that modeling results will predict resultant morphology cast in the form of
probability distributions, which quantify fluvial system vm’iability. To model overbank flooding and
vertical sediment accretion, standard sediment routing models (e.g. HEC-6) must be adapted by including
the capacity for overbank deposition of sediments [Gee et al., 1990; Nicholas and Walling, 1997J.

The cntire model will be driven by historical records of flow using older cross sections and
validated against recently-collected morphological data (USACE) before it is employed for prediction. In
predictive mode, the model will be di’iven by a random selection of flood events at each time step. We
will adjust model inputs and boundary conditions on the reach-scale to reflect implementation of
restoration strategies (i.e. changes in flow, sediment supply, and channel alteration). Mukiple model runs
over a period of decades will provide probabilistic statements of resultant channel and floodplain
morphology at the reach- and basin-scales. For example, the model might predict that setting back levees
in a particular reach will have a 60% chance of increasing channel migration over 3 ndyr or a 30% chance
of building a bar over 0.5 rn/yr in that reach.

The purpose of this modeling effort is to provide a physically sound explanation of empirical
measurements and to generalize from the recorded data to a broader range of environmental scenarios. A
mathematical model would allow us to quantify the probable effect of alterations of flow regime,
changes in sediment supply, or channel modification on sediment transport processes within
particular reaches and within the basin as a whole. It will allow po]icymakcrs to anticipale resultant
morphological conditions relevant to habitat restoration and flood control strategies such as restoration of
"’namraI" valley strcamflow regimes, gravel feeding below dams, or setback levees [ERP, Vol. 1, p.42-43].
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ECOLOGICAL BENEFITS
This century has wilnessed n~trnerous examples of fiver adjustment to anthropogenic

perturbations. River adjustment to pel’turbat2ons such as dams, levees, and mining have serious ecological
implications in both aquatic and terrestrial environments. However, there have been no atl~mpts at
consra’ucting a scientific model which accurately represents such adjustments over large fiver basins.
Consequently, most assessments of river adjustment are made after the fact and involve anecdotal
interpretations (e.g. Schumm and Winkley, 1994, "The Variability of Large Alluvial Rivers"). To fill this
gap, we wilt develop a predictive model of river adjustment based on data from the Sacramento River
basin in California. The research will help to answer the following questions.

¯ What does empirical evidence tell us about changes in sediment and hydrologic flux regimes in
the past and what were the resditing morphological changes’?
¯ How will restoration measures involving changes in flow modiflcatlon, changes in sediment
supply, and channel alteration ’affect channel and floodplain morphology’?
°How will changes in local channel and floodplain morphology affect the evolution of "restored"
valley floors?

Background
Since the discovery of gold in the Sierra Nevada 150 years ago~ the Sacramento River valley has

been drastically transformed by agriculture and human settlement, and hence, by radical flood control
policies intended to ensure the survival of these floodplain activities. After decades of trial-and-error
flood-control polic~, on the part of the state and valley residents, the federal government finally committed
itself to a unified basin scale flood control policy. The policy (stilt in effect) is based on con veying water
and sediment as efficiently as possible through the malnstem Sacramento River, using straightened
channels and high levees built upon protected fiver banks to prevent overbank flooding and bank erosion
and therefore, lateral channel migration. To relieve pressure on the channel banks and mitigate flood
hazard potential, water is impounded behind dams and pumped into flood bypass channels constructed in
existing lowland flood basins. The region is now riddled with dams, levees, dikes~ and gravel mining
operations, which affect the geomorphic character of the river and its floodplain, consequently affecting
fish and wildlife habitat, as well as the ability of the river system to naturally attenuate flood events. .....
Althoegh flood hazards and flood damage may have been reduced as a result of damming, channelization,
and bank protection on the Sacramento River, the increased flood control has come at the expense of
natural bar and riffle forumtioo, thus disrupting a crucial component of rivefine ecosystem habitat (Figure
4) [ERP, Vol. 1, p. 29-30]. Our river adjustment model will enable land managers to implement
restoration strategies aimed at improving such habitat.
Ecological Implications

The Sacramento River provides important spawning, rearing, and migratory habitat to anadromous
fish populations including chinook saimon (fall and spring runs), splittail, steelhead, white sturgeon, green
sturgeon, striped bass, and American shad [ERP, Voh2, p. 165]. The reduction of bars, fifties, and other
morphological features within the river charmel has hampered salmen spawning runs snd movement of
other spccies by reducing resting habitat for fish on their upstream journey. The in-channel ecosystem
has been flarther disrupted by the elimination of upstream and bank erosion sediment stances, thereby
preventing replenishment of g~vels vital for spawning [Buer, 1985; Reeves and Roel~fs, 1987’].
Additionally impoundments dampen flood peaks preventing flushing flows necessary for removing fine
accumulations of sediment from spawning grave]s [Millu~us, 1998]. Channelization has also resulted in
the loss of side-channel habitat required by more sedentary species and winte~’ing salmon (as well as a
loss of tct-;cstrlal riparian vegetation and the species it supports) (Figure 4). The Central Valley Project
Improvement Act (CVPIA) and its Anadramous Fish Restoration Program (AFRP) call for restoring fish
habitats and eliminating stressnrs by implementing strategies including alteration of flow and sediment
supplies, and physical modification of river channels [Kondolfet al., 1996]. Furthermore, one of the
fundamental Strategic Ecosystem Goals of CALFED is to rehabilitate natural process in the Bay-Delta
system [ERP, Vol. 1, p.1]. Such a restorative effort requires a system-wide view of the river’s channel
and floodplain morphology and tbe processes involved in shaping it over a time scale of decades.
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System.Wide View
The morphology of a river is determined by the interaction of water and sediment within as it

flows within a channel network. The river deposits and re-mtdiilizcs the sediment along its valley floor.
Where the river lies entirely within its own mobile alluvium, it is classified a.s an alluvial fiver, and often
obeys certain regularities of fo~xn and behavior that allow morphological prediction [Leopold et aL, 1964;
Schumm, 1977]. Fluvial landforms contain intbrmation on the deposi/ional and erosional activities of the
river, as it continually adjusts to the variable amounts of water and sediment that enter its channel
network. It is the spatial and temporal variability of these landfonns through the fluvial system which
determines the potential flood conveyance capacity, stability of natural and engineered river courses, and
the complexity of river channel and riparian habitat [Dunne, 1988; Kondolf, 1995a; Kondol~; 1995b;
Kondolfand Wolman, 19931. These landl~rms determine dverine habitat as the fluvial system adjusts to
restoration strategies involving major system alterations [ERP, Vol. 1, p. 6].

The fluvial system can be divided into three distinct zones: the productien zone, the transport
zone, and Ihe deposition zone [Schumm, 1977], each of which functions differently in remus of its net
transport of materials and thus, its erosional and deposthonal processes. All zones in the fluvial system
are linked. That is, deposition or eff)sion in one much of a fluvial zone will ’dfect transport in adjacent
zones both upstream and downstream. These adjacent reaches will in turn, affect material transport in
their adjacent reaches, and even far downstream. It is apparent that research on material transport
processes on the scale of one par/icular reach cannot represent the fluvial system as a whole, because it
does not evaluate feedbacks in material transport between river reaches, including effects far downstream.
This spatial variability of transport must be considered along with the temporal variability associated with
lags between peaks in flow and sediment transport [Lemke, 1991; Marcus, 19891 and floodplain storage
and remobilizarion [Dietrich, 1982; Dttnne et at., 1998]. Restoration strategies must be designed to cope
wlth the dynamic nature of hydrologic and geomorphic processes [ERP, Vol. 1, p.5]. A basin-scale study
of spatial and temporal regime variability will foster a process-based understanding of material transport
and resultant morphology within the fluvial system.
Regime Variability

Several major variables govern the spatial and temporal variability of alluvial river morphology
and behavior [Schumm and Winkley, 1994]. The most important of these are the coupled variables of
streamflow and sediment discharge, which depend on drainage basin characteristics and land-use.
Sediment supply to an alluvial river is driven stochastically by ralnsterms, which affect streamflow,
sediment ~ransport and thus, the intensity of erosional and depositional activities within a river system
[Benda andDutzne, 1997b; Schumm, 1977]. There have been recent efforts to characterize the dynarrac
sediment regime of a river system in texans orits statistical properties. This is accomplished by
computing the probability of the transport system being in any of various states [Benda and Dunne,
1997a] based on historical changes in observed sediment transport data [Lemke, 1991]. Such a
characterization would allow one to design restoration stralegies that represent the fluctuations in the
transport system over time [ERP, Vol. 1, p.Sll] or that allow prediction of the temporal and spatial
variability of current and restored habitat. Our modeling approach uses time series analysis and Monte
Carlo simnlation in order to take into account the val’iabihty and memory of a fluvial system [Knighton,
1984] as it continually adjusts to controls.
Adjustment to Controls

Throughout the fluvial system there are constraints, or controls, on material transport, which result
in some level of morphologic adjustment on the pva’t of the river system. Such controls, or perturbations,
are either natural (e.g. tectonic, climatic) or anthropogedic (e.g. dams, levees, chanoel re-alignment,
gravel mining). As new perturbations are imposed, adjustments are made by the fluvial system, which
can radically change a river’s planform and cross section. However, there has been no research effort at
creating a reach-integrated, basin-wide view of morphologic adjustment. The breadth of such a
perspective could facilitate the planning of restoration efforts in river systems in the context of widely
acknowledged, but rat-ely quantified, basin-scale cumulative effects.
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Flood control planning and ecosystem rehabilitation both need to be based on understanding of the
history of river channel change and therefore of matefiai flux regimes [ERP, Vot. 1, p. 79]. River channel
change results from a set of erosional and depositional processes by which a river adjusts to perturbations.
For example, when dams are installed, a rivet" system goes tbrough a complex process of adjustment
[Schumm, 1981; Williams and Wolman, 1984; Xu, 1990J to changes in supply of water and sediment.
Morphological adjustments to l~servoirs are typified by backwater effects and sediment deposition
upstream of the dam and by scour of bed material downstrcam [Cl~ien, 1985]. Mining within fiver basins
also contributes to complex responses in river systems. This can occur as a result of extra-valley-floor
mining, wherein sediment delJ.very from hillslope sources causes fiver width-depth ratios to increase as
the system shifts fi~om supply limited to transport limited [Gilbert, 1917; James, 1991; Knighton, 19891~
It an also occur ~q latin-valley floor mining, where extraction of riverbed or floodplain sediment can
cause bed elevations and width-depth ratios to decrease [Collins and Dunne, 1989, 1990], and can cause
channel migration as flow is deflected from in-stream gravel pits [Dunne and Leopold, 1978].
Channelization, or channel dredging and straightening for navigation or flood control, has effects similar
to those of intra valley floor mining with the added tendency for acceleration of bank erosion and
meandering [Neill and Fgremko, 1988] and piping of levees and dikes [Feldman, 1973; Laddish, 1997;
Ogson et at., 1942; Schalk and.lacobson, 1997].

In all these cases morphological adjustments have been described by their ~esultant form
characteristics of cross-sectional channel geometry [Gregory and Park, 1974; X~, 1996], bed material
sizes [Williams and Wolman, 1984], and longitudinal profile [Chien, 1985]. However, in the context of
complex ~ver response to perturbations [ERP, Vol.1, p. 13-14], attempts to explain the physical processes
associated with adjustments have relied upon qualitative assessments [Xu, 1990], thus preventing their
accurate application in other localities with different spatial and temporal scales of material flux and
levels of disturbance. To provide a foundation for riverine ecosystem rehabilitation, we will construct a
process model of basin- and reach-scale channel and floodplain morphological adjustment Ihat is based on
assimilation of excellant historical empirical datasets collected within the Sacramento River basin. In
constructing our process model by assimilating data from various sources, we will build upon the
information which could be gleaned from any particular dataset.

Employing this multi-scale, inlegrated modeling approach will provide understanding of the
process of river adjustment in the conlext ol" valley-floor evolution at the basln-scale and of
morphological change pertaining to habitat considerations on the reach-scale. The model will
complement on-going studies of sediment dynamics in the Bay-Delta [Dinehart, pets. eomm] and of
channel shifting in the lower Sacramento [Larsen, pcrs. comm]. It will yield probabilistic statements of
morphological channel floodplain adjustment to regime variability and permrbalions over a p~riod of
decades, This knowledge would be useful not only in the restoration of large river basins, but in aiding
design of new river development projects. By adth~essing the problems of the Sanramento Bay-Delta with
an integrated, comprehensive approach of this kind the CALFED Bay-Delta Program could set the
international standard for rostoration of large lowland river systems.

9
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TECHNICAL FEASIBILITY AND TIMING
We already possess much of the equipment ~vith ~ich to complete this project. Our laboratory at

UCSB is equipped with high speed NT PCs, a UNIX workstation, Arc!kNFO and other necessary
software, a digitizer, a Total Station, and a Differential Global Positioning System (GPS). The three-year
budget requests support for one Graduate Student Researcher, one laboratory assistant, purchase of aerial
photos, a laptop computer for field use with our GPS. a digital camera for documenting river reaches
digitally, a data storage disk for the high volume of necessary data, an auger, a river bottom sediment
sampler, engineering strew’are, and field travel expenses.

The project will be conducted in two phases: 1) the empirical characterization phase and
II) the modeling phase. Phase i will be conducted over the first yem- of the funding period. The primary
tasks during this phase are data acquisition and empirical basin characterization. Subtasks include:
collectiort of field ground conlxot points with GPS; registration and rectification of aerial photographs;
digitization of historical Sacramento maps; grain size data collection, floodplain topographical
characterization, development of time series transfer functions, and col,-elation of historical hydrological
and sediment data with morphological change in the basin.

Phase II will be condncted during the second and third years of the funding period. The primary
task is developing a coupled multi-scale sediment routing model. Subtasks include: constructing a
probability distribution of fiood events; rmmerical modeling of total load sediment transport at both
scales; model validation using new river profiles; and field verification of lnodeling results.

We will travel Romania this summer to visit CALFED’s European counterpart, the Romanian
govenmaenl’s Danube Delta Biosphere Reserve, in order to gain insight from its ongoing restoration
experience. The Daoube project has begun restoration activities by breaching levees and dikes, thus
providing a field laboratory for studying morphological change associated with land use change. By
visiting Danube restoration sites we will witness processes too complex to be modeled, as well as the
unintended consequences of such a restoration effo~l on a spatial scale relevant to CALFED. We have
long established contacts with geomorphologisls who stmly large tributaries of the Danube.

|n additi~m to otYicial CALFED symposia, we will publicize our resem~ch effort annually at the
Fall Meeting of the American Geophysical Union and other relevant regional and i~temational
conferences.
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DATA COLLECTION
For this study we arc compiling an excellent dataset for a large river basin sludy, Iu addidou to

streamflow and sediment concentration records, bedload data, topographic and other maps lbr the
Sacramento basin (USGS), we have been locating and collecting: engineering records; cross-sectional
geometrical sur~’eys; aerial photographic coverage of the Sacramento basin h-ore the 1920’s to the present;
two foot vertical resolution Digital Elevation Models (DEMs) of channel and contiguous floodplain
(USACE); special-mission NASA air photos documenting 1997 flooding; data on California storm
magnitudes and intensity from NOAA.

The long term average suspended sedm~ent load wi!l be calculated using flow data and suspended
sediment samples (USGS) historically and presently collecled. The suspended sediment dala will be used
in conjunction with flow data to estimate time series transfer thnctions. The bedload component of the
Sacramento River sediment budget will be calc~d.ated using measured bedload transport values (USGS)
and subtracting the fraction extracted by gravel nfiniag and dredging per unit time (calculated from
industry data). Information on the sand-sih division in suspended scdima~at will be extracted from USGS
records and used for model input. We will condnet boat surveys on the mainstem (from Sacrmnento to
Shasta Dam) o[ grain size distributions of each sediment storage reaerwfir (i.e. the bed and bank.s) on a
reach-by-reach basis. We will collect bed samples with a grab sanapler. Bank conditions will be recorded
by digital camera and by auger, georeferenced by GPS, and stored in a digital database. Texture of bank
sediment samples will be documented by sieving and hydrnmetry. Floodplain topography (Figure 2)
required lbr overbank sediment routing will also be assessed using a combination of field survey and
DEMs from the USACE.
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LOCAL INVOLVEMENT
As suggested in tile Executive Summary we have confirmed that our proposed study is

complementary to ongoing work and research in the Bay-Delta. We have been communicating with
researchers and agency personnel who are currently working on the Sacramento River. We have made
contact with Randall Dinehart (USGS) and .left Harris (USACE), each of whom currently have studies
under way on the Sacramento River. We have Mso been conversing with Eric Larsan (UC Davis) who is
engaged on a channel shifting study in the lower Sacramento. We have also been collaborating with Jeff
Hm/is (USACE) and Larry Smith (CALFED USGS) to obtain new and historical Sacramento River data
in order to build a model that utilizes the latest technology and that will be compatible with USACE and
USGS priorities.
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EQUIPMENT
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